Two new thick-tail scorpions in the genus Parabuthus Pocock, 1890 are described from the gravel plains of the Central Namib Desert, Namibia: Parabuthus glabrimanus sp. nov.; Parabuthus setiventer sp. nov. The two new species occupy discrete distributional ranges, allopatric with the closely related species Parabuthus gracilis Lamoral, 1979 and Parabuthus nanus Lamoral, 1979 . The distributions of the four species are mapped and a key provided for their identification. Revised diagnoses are provided for P. gracilis and P. nanus. The two new species are added to a previously published morphological character matrix for Parabuthus species and their phylogenetic positions determined in a reanalysis of Parabuthus phylogeny. Parabuthus setiventer sp. nov. is found to be the sister species of P. nanus, whereas P. glabrimanus sp. nov. is sister to a monophyletic group comprising P. gracilis, P. nanus, and P. setiventer sp. nov. The discovery of two new scorpion species endemic to the Central Namib gravel plains contributes to a growing body of evidence that this barren and desolate region is a hotspot of arachnid species richness and endemism.
INTRODUCTION
The thick-tail scorpion genus Parabuthus Pocock, 1890, one of more than 80 genera in the diverse, cosmopolitan family Buthidae C.L. Koch, 1837 Kovařík, 2001 Kovařík, , 2002 Kovařík, , 2003a Navidpour et al., 2008) , is near-endemic to the Afrotropical region. Parabuthus is of considerable interest to biologists for several reasons.
The genus includes the world's only diurnal buthid scorpion, Parabuthus villosus (Peters, 1862) (Newlands, 1974a; Harington, 1982) and the world's largest buthids, e.g.
Parabuthus granulatus
Parabuthus displays an 'arid corridor' pattern of distribution (Balinsky, 1962) . Twenty species occur in arid south-western Africa and eight species in arid north-eastern Africa and the Arabian Peninsula (Prendini, 2000 (Prendini, , 2004a (Prendini, , b, 2005 Kovařík, 2003b Kovařík, , 2004 . During past periods of increased aridity, such as the Pliocene and the Upper Pleistocene (Tankard & Rogers, 1978; Lancaster, 1981 Lancaster, , 1984 Ward, Seely & Lancaster, 1983) , the two areas were contiguous, allowing dispersal or range expansion of arid-adapted taxa between them. As evidence for their arid requirements, the southern African species of Parabuthus are today restricted to areas receiving under 600 mm of rainfall per annum (Newlands, 1978a, b) .
In addition to their dependence on aridity, Parabuthus species are specialized for life on particular substrata. Several species (e.g. Parabuthus distridor Lamoral, 1980 , Parabuthus kuanyamarum Monard, 1937 , and Parabuthus kalaharicus Lamoral, 1977 are restricted to the sand dune systems of the Namib and Kalahari deserts, and exhibit ecomorphological adaptations to facilitate locomotion and burrowing in the soft sand (Lamoral, 1977 (Lamoral, , 1979 (Lamoral, , 1980 Prendini, 2001b Prendini, , 2004a . Others, e.g. P. villosus, are specialized for life in rocky areas (Prendini, 2001b (Prendini, , 2004a .
All species of Parabuthus are fossorial (Newlands, 1974b (Newlands, , 1978a . Burrows are constructed in open ground, at the base of shrubs or under stones (Newlands, 1974b (Newlands, , 1978a Eastwood, 1977 Eastwood, , 1978 Lamoral, 1979; Newlands & Martindale, 1980; Harington, 1984; Prendini, , b, 2004a Prendini, , 2005 . The evolution of burrowing behaviour, and the specialized ecomorphological adaptations associated with it, may explain the diversity and abundance of Parabuthus in the arid regions of sub-Saharan Africa. 'Adaptive radiation' in Parabuthus may be explained by the 'Effect Hypothesis of macroevolution' (Vrba, 1980) , where repeated allopatric speciation is the predicted outcome of vicariance, promoted by stenotopic habitat requirements, i.e. 'substratum specialization' (Prendini, , b, 2005 .
The dependence of Parabuthus species on aridity has fortunate implications for the geographical distribution of scorpionism in southern Africa. Parabuthus includes some of the world's most dangerously venomous scorpions, envenomation by which is a significant cause of morbidity and, occasionally, mortality, in the sparsely populated arid to semi-arid western regions of southern Africa (Müller, 1993; Bergman, 1997a, b) . However, the more densely populated mesic eastern regions are devoid of Parabuthus (Prendini, , 2004a (Prendini, , 2005 and the incidence of scorpion envenomation in southern Africa is therefore lower than might be expected, given the abundance of medically important scorpion species in the region.
The medical importance of Parabuthus has received increasing attention during the past 25 years (Newlands, 1974a (Newlands, , 1978a Newlands & Martindale, 1980; Petersen, 1987; Hill, 1990; Saunders & Morar, 1990; Lee, 1991) . It was established that P. granulatus and, to a lesser extent, P. transvaalicus are responsible for the majority of serious envenomations, including all fatalities that could be unequivocally confirmed (Müller, 1993; Bergman, 1995 Bergman, , 1997a . Studies on venom composition showed that the venom of each species examined contains a unique mixture of toxins, which may explain clinical differences in the virulence of their venom (Swerts et al., 1997; DeBont et al., 1998; Tytgat et al., 1998; Dyason et al., 2002; Huys et al., 2002) . Studies on sting use and venom composition further demonstrated that Parabuthus species use venom conservatively and are able to differentially regulate venom secretion for use in offence or defence (Rein, 1993; Inceoglu et al., 2003) .
Several studies have addressed the systematics of Parabuthus in recent years (e.g. FitzPatrick, 1994; Prendini, 2000 Prendini, , 2004a Kovařík, 2003b) . The genus currently includes 28 species and 14 subspecies, seven of which are nominotypic Kovařík, 2003b Kovařík, , 2004 Prendini, 2004a) . Twenty species are endemic to southern Africa (Prendini, 2004a (Prendini, , 2005 . Recent fieldwork in Namibia led to the discovery of two new species, described in the present contribution: Parabuthus glabrimanus sp. nov.; Parabuthus setiventer sp. nov. The two species are endemic to the gravel plains of the Central Namib Desert and occupy discrete distributional ranges, allopatric with the closely related species, Parabuthus gracilis Lamoral, 1979 and Parabuthus nanus Lamoral, 1979 . The distributions of the four species are mapped and a key provided for their identification. Revised diagnoses are provided for P. gracilis and P. nanus. The two new species are added to a previously published morphological character matrix for Parabuthus species and their phylogenetic positions determined in a reanalysis of Parabuthus phylogeny. The discovery of two new scorpion species endemic to the Central Namib gravel plains contributes to a growing body of evidence that this barren and desolate region is a hotspot of arachnid species richness and endemism.
MATERIAL AND METHODS

MATERIAL, PHOTOGRAPHY, AND TERMINOLOGY
Specimens collected by the first author were located at night using a portable ultraviolet (UV) lamp, comprising two mercury-vapour tubes attached to a chromium parabolic reflector and powered by a rechargeable 7 Amp/hr, 12 V battery. A portable Garmin global positioning system (GPS) V Plus device was used for recording the geographical coordinates of collection localities in the field.
Material examined is deposited in the following collections: American Museum of Natural History, New York (AMNH), some bearing numbers from the Alexis Harington Collection (AH); Natal Museum, Pietermaritzburg, South Africa (NM); National Museum of Namibia, Windhoek (SMN); Transvaal Museum, Pretoria, South Africa (TM). Tissue samples of the new species have been stored (in the vapour phase of liquid nitrogen at -150°C) in the Ambrose Monell Collection for Molecular and Microbial Research (AMCC) at the AMNH.
Photographs were taken in visible light as well as under long wave UV light using a Microptics ML1000 digital imaging system. Measurements were recorded with Mitutoyo digital callipers and counts taken using a Nikon SMZ-1500 stereomicroscope. Colour designation follows Smithe (1974 Smithe ( , 1975 Smithe ( , 1981 . Morphological terminology and mensuration follow previous papers on Parabuthus by Prendini (2000 Prendini ( , 2004a .
A distribution map was produced using ArcView GIS Version 9.0 (Environmental Systems Research Institute, Redlands, CA, USA), by superimposing point locality records on spatial datasets depicting the topography (500 m contour interval) and political boundaries of southern Africa. A topographic contour coverage was created from the GTOPO30 raster grid coverage, obtained from the website of the US Government Public Information Exchange Resource (http://edc.ugs.gov/products/elevation/gtopo30.html).
All records of sufficient accuracy were isolated from the material examined to create a point locality geographical dataset for mapping distributional ranges. Records for which geographical coordinates were previously entered by the collector were checked for accuracy and coordinates for the remaining records traced by reference to gazetteers, the official 1 : 250 000 and 1 : 500 000 topo-cadastral maps of South Africa published by the Government Printer, a 1 : 1 000 000 topo-cadastral map of Namibia published by the Surveyor-General (1994) , the GEOnet Names Server (http://earth-info.nga.mil/gns/html/ index.html), and the Fuzzy Gazetteer (http:// dmaweb2/jrc.it/services/fuzzyg/default.asp). Names of provinces, regions, and magisterial districts of countries listed in the material examined follow the most recent systems (e.g. the post-1994 nine-province system in South Africa).
CLADISTIC ANALYSIS
The cladistic analysis presented is based on previously published morphological data matrices of relationships amongst the species of Parabuthus , to which the two new species have been added (Table 1 ; Appendix). Fifteen new characters (4, 5, 15, 16, 18, 19, 21, 22, 32, 35, 36, 38, 39, 50, 52) were added, mostly to assist with clarifying the phylogenetic placement of the new species. The revised matrix comprises 68 characters, ten coded into multistates and 58 coded into binary states, scored for 29 species. Multistate characters were treated as unordered, i.e. non-additive (Fitch, 1971) . Trees were rooted using the outgroup method (Watrous & Wheeler, 1981; Farris, 1982; Nixon & Carpenter, 1993) . As in previous analyses, an exemplar species from each of two Afrotropical buthid genera, Grosphus Simon, 1888, from Madagascar, and Uroplectes Peters, 1861, from southern and central Africa, were included as outgroup taxa on the basis of evidence that these genera are most closely related to Parabuthus (Pocock, 1890; Kraepelin, 1908; Werner, 1934; Prendini, 2004b) . The outgroup taxa selected were Grosphus flavopiceus Kraepelin, 1900 and Uroplectes triangulifer (Thorell, 1876) (Table 1) .
Character data were edited, cladograms prepared, and character optimizations conducted using WinClada, v. 1.00.08 (Nixon, 2002) . Ambiguous optimizations were resolved using accelerated transformation (ACCTRAN) also known as Farris optimization, which favours reversals over parallelisms to explain homoplasy (Farris, 1970; Swofford & Maddison, 1987 , 1992 and therefore maximizes homology (Griswold et al., 1998) . Eight uninformative characters (6, 21, 22, 29, 32, 35, 36, 65) were excluded from all analyses; tree statistics were calculated from phylogenetically informative characters only (Bryant, 1995) .
Characters were not weighted a priori. Analyses with equal weighting were conducted using NONA v. 2.0 (Goloboff, 1999) , according to the following command sequence: hold10000; hold/10; mult*100; [hold 10000 trees in memory; hold ten starting trees in memory; perform tree-bisection reconnection (TBR) branch-swapping on 100 random addition replicates]. Additional swapping on up to 1000 trees that were up to 5% longer than the shortest trees (command jump 50;) was performed to help the swapper move amongst multiple local optima ('islands' sensu Maddison, 1991) . Finally, trees found with this command were again swapped with TBR, using the command max*; to retain only optimal trees.
Implied character weighting (Goloboff, 1993 (Goloboff, , 1995 was conducted to assess the effects of weighting against homoplasious characters, and the resultant topologies compared with the topology obtained by analysis with equal weights (see Prendini, , 2004b . Pee-Wee v. 3.0 (Goloboff, 1997) was used for analyses with implied weighting, applying the command sequence: hold1000; hold/10; mult*100; jump50; max*;. Analyses with implied weighting investigated the use of six values for the concavity constant, k, spanning the input range permitted by Pee-Wee (command: conc N;) .
The relative degree of support for each node in the tree obtained with equal weighting was assessed with branch support or decay indices (Bremer, 1988 (Bremer, , 1994 Donoghue et al., 1992) . Branch support indices up to five extra steps (setting the maximum number of trees held in memory to 10000) were calculated with NONA, by means of the following command sequence: h10000; bsupport 5;.
RESULTS
Analysis of the 60 informative characters with equal weights located two most parsimonious trees (MPTs) of 156 steps, consistency index (CI) of 45, and retention index (RI) of 75 ( Table 2 ). The topology of one of these MPTs is portrayed in Figure 2 . The other MPT differed with respect to the species comprising node 'A', for which the alternative arrangements are indicated in Figure 3 .
A single MPT with the same topology as one of the two obtained with equal weights was retrieved in the analyses with implied weights when values for the concavity constant were moderate to mild, i.e. k = 3-6 (Table 2; Fig. 2 ).
Analyses with implied weights under strong concavity (k = 1 and 2), located two MPTs, each three steps longer, 4-9% less fit, and with a lower CI than the MPTs obtained by the analyses with equal weights or with implied weights under moderate to mild concavity (Table 2 ). The MPTs retrieved by these analyses differed from the topology in Figure 2 with respect to the species comprising node 'B', for which the alternative arrangements are indicated in Figure 4 .
The MPTs obtained by analysis with implied weights under k = 1 and 2 are longer and less fit than the MPT obtained by the remaining analyses (Table 2) , hence they are considered suboptimal. The single MPT obtained by the majority of analyses under weighting regimes that minimized length and those that maximized fit is regarded as optimal for the data matrix presented. Synapomorphies are indicated on this topology in Figure 2 , which provides G. flavopiceus 01010 00100 01000 00000 00000 00000 00000 00000 000-----00 00000 00000 00000 000 U. triangulifer 10000 00000 00000 00000 01000 00000 00000 00001 000-----00 01000 00000 00100 000 P. brevimanus 10000 01001 10000 01011 01110 12100 00001 00011 00110 00001 01100 20001 10100 020 P. calvus 00000 01100 00000 10010 01012 01010 00000 00000 10111 00000 10101 20110 10100 1?? P. capensis 0AAAA 00000 10000 10010 01010 02000 00000 00001 11111 00010 00101 12210 10000 1B0 P. distridor 10000 01001 10000 01011 01110 12101 00000 01001 000-----00 1101-20000 00100 020 P. glabrimanus 10000 01001 10000 00011 01110 12100 00000 01101 00110 00000 0001-20000 10100 020 P. gracilis 10000 00011 10001 -0111 01110 12100 10100 01111 00110 00001 0001-20000 00100 020 P. granimanus 01111 00010 10010 10010 01010 02000 00010 00001 11200 00000 00000 12110 01000 1?? P. granulatus 010AA 00100 11100 00010 01000 12100 00000 00000 10110 01000 00000 10010 10010 021 P. heterurus 00100 00000 10000 10010 01010 02000 00010 00001 11200 00000 00000 12110 11000 1?? P. hunteri 00100 00010 10010 10010 01010 02000 00010 00001 11200 00000 00000 12110 01000 1?? P. kalaharicus 01010 00101 11100 00011 01100 12101 00000 00000 10110 01000 00000 10010 00110 021 P. kraepelini 00000 00000 11000 10010 01010 02000 00000 00001 11110 10000 00100 12221 10000 120 P. kuanyamarum 10000 01001 11100 01011 01110 12101 00000 01000 00110 00000 1001-20000 00100 020 P. laevifrons 00100 01101 11100 00011 01110 12100 00000 00000 00211 00000 10000 11000 11000 021 P. leiosoma 00100 00000 10000 10010 01010 02000 00010 00001 11100 00000 00000 12110 11000 1?? P. mossambicensis 00000 00000 10000 10010 01010 02000 00000 00001 11111 10100 00100 12220 10000 120 P. muelleri 00100 00001 01100 10010 01011 02000 00000 00001 10111 00010 00101 12210 10000 110 P. namibensis 00100 01000 11100 01011 01010 12000 00000 00001 00211 00000 00000 11110 11000 021 P. nanus 10000 00010 00001 -0111 11110 12100 10100 11121 00110 00001 0101-20000 00100 020 P. pallidus 00000 00000 00000 10010 01011 01000 00000 00001 11100 00000 00101 12110 10000 1?? P. planicauda 00000 00000 00000 10010 01011 01000 00000 00001 10111 0A000 00101 12110 10000 110 P. raudus 0AA00 00000 11000 10010 01010 02000 00000 00001 11110 11000 00101 12220 00000 120 P. schlechteri 0A000 00000 11000 10010 01010 02000 00000 00001 11110 11000 00101 12221 00000 120 P. setiventer 10000 00011 10001 -0111 01110 12100 10100 01121 00110 00002 0101-20000 00100 021 P. stridulus 00A00 01101 11100 00011 01010 12100 00000 00000 00211 00100 10000 11000 01001 021 P. transvaalicus 01011 00000 11000 10010 01010 02000 00000 00001 11110 10000 00101 12221 00000 110 P. villosus 010AA 10000 11000 10010 00010 02000 0A000 00002 10111 1A000 00101 12221 00000 111
The first two taxa are outgroups. Refer to Appendix for character list. Character states are scored 0-2,? (unknown) and -(inapplicable). Characters that are polymorphic in particular taxa are indicated as follows: states [01] represented by 'A', and states [12] represented by 'B'. Table 2 for details. The optimal tree retrieved by analyses with equal weights and implied weights under k = 3-6 ( branch support values for nodes retrieved by the analysis with equal weights and frequency percentages for the nodes that collapsed in the strict consensus of the MPTs obtained by all seven analyses. The length, fit (fi), CIs, and RIs of informative characters on this topology are listed in Table 3 . Phylogenetic relationships amongst the species of Parabuthus retrieved by the analyses presented are almost identical to those obtained previously , as are the major findings. Monophyly of the genus Parabuthus is supported, but monophyly of the disjunct southern African vs. north-eastern African and Arabian species is not (Fig. 2, marked with an asterisk). The optimal topology presented differs from that published previously only in the addition of the two new species described below. Parabuthus setiventer sp. nov. is found to be the sister species of P. nanus, whereas P. glabrimanus sp. nov. is sister to a monophyletic group comprising P. gracilis, P. nanus, and P. setiventer sp. nov. (Fig. 2 ) retrieved by analyses with equal weights and implied weights under k = 3-6 (A) and with implied weights under k = 1 and 2 (B, C). See Table 2 for details. 
DISCUSSION
The Central Namib is a barren, desolate region of the Namib Desert extending from the Kuiseb River northwards to the Huab River and inland from the coast, for about 450 km at the widest point (Giess, 1971; Burke, 1998; Mendelsohn et al., 2002) . The region is characterized by largely vegetationless, gravel and sand plains, scattered inselbergs, and numerous dry watercourses running from the escarpment to the sea. Isolated sand dunes occur in places, against the sides of inselbergs (e.g. the Amichab Mountains) and in dry watercourses (e.g. the Swakop River). The gravel plains of the Central Namib were formed by erosion cutting back into higher ground and carving out the catchment areas of several major rivers, the Khan, Omaruru, Swakop, and Ugab rivers being the most prominent (Mendelsohn et al., 2002) . Much of the area lies between 500 and 1000 m above sea level and consists of metamorphic rocks that were forced up out of the sea during the formation of the Gondwana continent some 550 Mya.
The limited vegetation of the Central Namib was described by Giess (1971 The !nara, Acanthosicyos horrida Welwitsch, 1886, is common at the mouth of the Kuiseb River and occurs along its bed to about 100 km inland, but is not widely distributed elsewhere in the Central Namib. It occurs mostly in or near riverbeds, each plant forming a shrub-coppice dune by continually growing through the sand that accumulates around it.
The southern limit of the distribution of Welwitschia mirabilis Hooker, 1863 occurs in the Central Namib, at a bend in the Kuiseb River near Natab. Populations of Welwitschia Reichenbach, 1837 occur near the Hope and Gorob mines, at the Haigamkab Vlakte south of the Swakop River, and on the Welwitschia Vlakte north of the Swakop River in the Khan-Swakop River triangle. Further north, the first population occurs east of the Strathford Mine, south of Cape Cross. It is found again at the Messum Mountains, north of Cape Cross, after which it occurs further to the west and the south of the Brandberg.
The Central Namib has long been recognized as a hotspot of endemism and species richness for tenebrionid beetles. Koch (1962: 82-85 ) reported 24 genera and 40 species of tenebrionid beetles from the region between the Kuiseb and the Huab rivers. Twentythree of these were listed as endemic to the area. The famous 'white' tenebrionids of the Namib Desert (Onymacris Allard, 1885 and Stenocara Solier, 1835 of Adesmiini Lacordaire, 1859 and Calosis Deyrolle, 1867 of Zophosini Solier, 1834), characterized by a white to yellowish-white, more or less unpigmented elytral cuticle, are endemic to the Central and Northern Namib. Their range of distribution, like most Central Namib endemics, starts at the northern bank of the Kuiseb River and follows roughly the same distribution as Welwitschia (Koch, 1962) . No 'white' tenebrionids occur south of the Kuiseb River.
The Central Namib is also known as a hotspot of endemism and species richness for reptiles (Griffin, 1998a; Mendelsohn et al., 2002) . Between 21 and 30 endemic Namibian lizards and nine or ten endemic Namibian snakes occur in the Central Namib (Griffin, 1998a) . Between 25 and 28 endemic Namibian reptile species inhabit the gravel plains between the Kuiseb and Swakop rivers (Mendelsohn et al., 2002: 113) .
The high levels of endemism and species richness of non-acarine arachnids in the Central Namib are equally pronounced, although relatively less well known (Griffin, 1990 (Griffin, , 1998b Mendelsohn et al., 2002) . In Griffin's (1998b: 128, Giess (1971) in number of arachnid species per km 2 . It ranked second (with 27 species), fourth (with 19 species), and fifth (with 45 species), respectively, in terms of solifuge, scorpion, and spider species richness. According to Mendelsohn et al. (2002: 111, 113 ), 18 to 21 scorpion species occur in the Central Namib, the greatest concentration of endemic Namibian scorpion species (nine to 11) occurring on the gravel plains to the east of Swakopmund. Based on our records, five spider species, seven scorpion species, and 11 solifuge species are endemic to the Central Namib (Table 4) . Two spider species, four scorpion species, and eight solifuge species are endemic to the gravel plains. The discovery of two new scorpion species endemic to the gravel plains, described below, contributes to a growing body of evidence that this barren and desolate region is a hotspot of arachnid species richness and endemism. Future surveys and inventories of this part of the Namib Desert will undoubtedly reveal still further undescribed endemic arachnids. Indeed, Platnick's (1992) suggestion that the moist equatorial tropics are not inordinately rich, relative to the semi-arid subtropics, is likely to be supported as arachnological research in arid regions progresses (Griffin, 1998b, c) . Cyrioctea hirsuta Platnick & Griffin, 1988 River mouth Cyrioctea namibensis Platnick & Griffin, 1988 Gravel plains Cyrioctea whartoni Platnick & Griffin, 1988 Dry watercourse Scorpiones Buthidae C.L. Koch, 1837 Parabuthus glabrimanus sp. nov. Lamoral, 1979 Sand-dunes, dry watercourses Parabuthus namibensis Lamoral, 1979 Gravel plains Parabuthus setiventer sp. nov.
Gravel plains Parabuthus gracilis
Gravel plains Uroplectes pilosus (Thorell, 1876) Inselbergs Scorpionidae Latreille, 1802
Opistophthalmus jenseni (Lamoral, 1972) Sand-dunes, dry watercourses Opistophthalmus penrithorum Lamoral, 1979 Gravel plains Solifugae Ceromidae Roewer, 1933 Ceroma inerme Purcell, 1899 Beach Daesiidae Kraepelin, 1899 Blossia planicursor Wharton, 1981 Gravel plains Blossia purpurea Wharton, 1981 Gravel plains Namibesia pallida Lawrence, 1962 Inselbergs Gylippidae Roewer, 1933 Trichotoma brunnea Lawrence, 1968 Coast Trichotoma michaelseni (Kraepelin, 1914) Gravel plains Hexisopodidae Pocock, 1897 Hexisopus infuscatus Kraepelin, 1899 Gravel plains Hexisopus moiseli Lamoral, 1972 Gravel plains Hexisopus pusillus Lawrence, 1962 Gravel plains Melanoblossiidae Roewer, 1933 Lawrencega longitarsus Lawrence, 1929 Gravel plains Lawrencega procera Wharton, 1981 Gravel plains
Data from Lamoral (1979) , Wharton (1981) , Griffin (1998) with H. tityrus, 20 ǩ, 4 Ǩ (AMNH), 1 subadult ǩ, 9 subadult Ǩ, 3 juvenile ǩ, 1 juvenile Ǩ (SMN 2900).
Diagnosis: Parabuthus glabrimanus sp. nov. is sister to the monophyletic group comprising P. gracilis, P. nanus, and P. setiventer sp. nov. (Fig. 2) . Parabuthus glabrimanus sp. nov. may be separated from these and all other species of Parabuthus by means of the following combination of characters: medium to small adult size, carapace length 5.0-6.5 mm; carapace, including median ocular tubercle (male, female), with smooth areas; pedipalp chela movable finger of female short, compared with manus (measured along ventroexternal carina), length finger/length manus: ±1.40; pedipalp chela manus of adult male, noticeably incrassate, compared with that of adult female, which is slender; pedipalp chela manus surfaces smooth; pedipalp chela trichobothrium dt situated proximal to et; pedipalp femur and patella trichobothria d 2 present; sternites III-VII and metasomal segment I, ventral surfaces smooth, sparsely setose; metasomal segments slender (length IV/width IV: 1.7-2.11); metasomal segment I, ventrosubmedian carinae absent; metasomal segments II and III, posteroventral margins demarcated by transverse row of lobate granules; metasomal segment IV, acarinate; metasomal segments IV and V, lateral intercarinal surfaces granular; metasomal segment V, dorsosubmedian, dorsolateral and ventromedian carinae absent, ventrolateral carinae present, subparallel to converging posteriorly, and with posterior spiniform granules enlarged into lobate processes.
Etymology:
The species name refers to the smooth, shiny chela manus that is characteristic of this species.
Description: The following description is based on the holotype male, two paratype males, and three paratype females (Table 5) .
Colour: Carapace, tergites and metasoma, base coloration: Buff-Yellow no. 53. Chelicerae, pedipalp chela, legs, sternites and telson slightly paler than carapace, pedipalp femur and patella, tergites and metasoma (Fig. 8) . Chelicerae, pedipalp chela and telson, base coloration: Cream no. 54. Legs and sternites, base coloration: Sulfur Yellow no. 157. Pectines: Pale Horn Color no. 92. The following surfaces strongly to weakly infuscated (Chestnut no. 32): chelicera manus, dorsal surface, distal margin; carapace interocular surface; pedipalp femur and patella, dorsointernal and dorsoexternal surfaces; leg femur, dorsoexternal and dorsointernal surfaces, distal third; post-tergites, posteromarginal surfaces; metasomal segments I and II, dorsal and dorsolateral surfaces, III, dorsal surface, anterior two-thirds, IV, dorsal surface, anterior third, IV, V, and telson, ventrolateral and ventral surfaces. Pale pedipalp chela contrasting with darker patella and femur. Metasoma dorsal surfaces becoming paler posteriorly (IV, V, and telson paler than I-III), ventral surfaces becoming darker posteriorly (IV, V, and telson darker than I-III).
Carapace: Carapace uniformly finely granular, granulation becoming coarser on interocular and posterolateral surfaces (ǩ), anterolateral, posterolateral, and posteromedian surfaces finely to coarsely granulation, circumocular, interocular, and posteromedian surfaces finely granular, with smooth areas (Ǩ); superciliary carinae smooth. Anterior and posterior margins of carapace slightly procurved (Fig. 5A, B) . Five pairs of lateral ocelli. Median ocelli considerably larger than lateral ocelli, situated anteromedially. Ocular tubercle with pair of smooth superciliary carinae, protruding slightly above median ocelli. Anteromedian sulcus shallow; posteromedian sulcus shallow anteriorly, becoming deeper posteriorly; posterolateral sulci shallow, wide, and curved; posteromarginal sulcus narrow, deep.
Chelicerae: Movable finger with distal external and distal internal teeth equal, opposable. Ventral aspect of fingers and manus with long, dense macrosetae. Fixed finger with pair of denticles on ventral surface.
Sternum: Type I, subtriangular (Fig. 8B, D) . Median longitudinal furrow Y-shaped, shallow anteriorly, deep, narrow posteriorly.
Pedipalps: Pedipalps covered in short macrosetae (Figs 9, 10 ). Femur dorsal, internal, and external intercarinal surfaces uniformly, finely granular, ventral surface smooth (ǩ) or dorsal surface uniformly, finely granular, other intercarinal surfaces smooth (Ǩ) (Fig. 10C) ; dorsointernal, dorsoexternal, and ventrointernal carinae distinct, granular; internomedian carina comprising discontinuous row of spiniform granules; externomedian carina obsolete, smooth; other carinae absent. Patella intercarinal surfaces uniformly, finely granular (ǩ) or internal intercarinal surfaces uniformly, finely granular, other surfaces smooth (Ǩ) (Fig. 10A, B) ; dorsointernal and ventrointernal carinae obsolete, each comprising few granules proximally and distally; internomedian carina comprising prominent spiniform granule, proximally, and few smaller granules, distally; other carinae absent. Chela smooth (Fig. 9B-E) ; acarinate. Chela short, slender (Ǩ), or markedly incrassate (ǩ), length along ventroexternal carina 27-38% greater than chela width and 33-46% greater than chela height (Table 5) ; length of movable finger 14-20% (ǩ) or 34-40% (Ǩ) greater than length along ventroexternal carina. Chela fixed and movable fingers straight, such that proximal dentate margin linear when fingers closed (Fig. 9B-E) . Median denticle row of Holo., holotype; Para., paratype.
*Sum of carapace, tergites I-VII, metasomal segments I-V, and telson. †Sum of metasomal segments I-V and telson. ‡Measured from base of condyle to tip of fixed finger. §Sinistral pecten damaged.
chela fixed and movable fingers, respectively, comprising eight and nine oblique primary subrows; each subrow comprising three to six small denticles and large external denticle, flanked by internal and external accessory denticles; terminal subrow of fixed finger shorter than others; basal subrow of fixed and movable fingers longer, comprising fusion of basal and sub-basal subrows; each finger with enlarged terminal denticle. Trichobothria: Orthobothriotaxic, Type A, a configuration ( Figs 9B-E, 10) , with following segment totals: femur, 11 (five dorsal, four internal, two external), patella, 13 (five dorsal, one internal, seven external) and chela, 15 (eight manus, seven fixed finger). Total number of trichobothria per pedipalp, 39. Femur d 2 present, situated on dorsal side of dorsointernal carina; e1 situated level with or distal to d5. Patella d2 present; esb2 situated slightly distal to esb1. Chela Esb situated in line with or dorsal to Eb2-Et axis; eb situated proximal to basal dentate margin of fixed finger; dt situated proximal to et.
Mesosoma: Pre-tergites smooth, shiny, granular along posterior margins. Post-tergites entirely covered with uniform, fine granulation, becoming coarser posteriorly, especially along posterior margins (ǩ), anterolateral surfaces smooth, shiny, anteromedian surfaces uniformly, finely granular, posteromedian and posterolateral surfaces coarsely granular, especially along posterior margins (Ǩ); I-VII each with weakly developed, costate dorsomedian carina; VII additionally with distinct pairs of costate-granular dorsosubmedian and dorsolateral carinae, and well-developed stridulatory surface between dorsosubmedian carinae, comprising rounded granules reaching posterior margin. Sternites III-VI, surfaces smooth, sparsely setose, lateral and posterior margins each with few macrosetae; VII acarinate, uniformly finely granular (ǩ) or smooth medially with sparse fine granules laterally (Ǩ), sparsely setose, lateral and distal margins more densely so (Fig. 6A ). Sternite VII, width 24-32% (ǩ) or 25-37% (Ǩ) greater than length.
Pectines: First proximal median lamella of each pecten suboval, mesially enlarged, lobate in Ǩ but not ǩ (Fig. 8B, D) . Pectinal teeth: 29-31/28-31 (ǩ), 24-26/25-26 (Ǩ) (Table 5) .
Genital operculum: Completely divided longitudinally. Genital papillae present (ǩ), absent (Ǩ).
Legs: Tibiae III and IV with spurs; retrolateral margins with scattered macrosetae (Fig. 11C, D) . Basitarsi I, II, and, to a lesser extent, III, dorsoventrally compressed, retrolateral margins each with dense row of long, fine macrosetae (Fig. 11A-C) ; III and IV, prolateral surfaces without dense tufts of macrosetae. Telotarsi each with paired ventrosubmedian rows of irregularly spaced macrosetae. Telotarsal laterodistal lobes truncated; median dorsal lobes extending to ungues. Telotarsal ungues long, distinctly curved, equal in length.
Metasoma and telson: Metasomal segments I-V width/length ratio progressively decreasing (Table 5 ; Fig. 7A-C) , width percentage of length 67-73% (ǩ) or 74-79% (Ǩ) for I, 56-64% (ǩ) or 62-70% (Ǩ) for II, 55-57% (ǩ) or 57-61% (Ǩ) for III, 46-51% (ǩ) or 50-58% (Ǩ) for IV, and 46-50% (ǩ) or 48-55% (Ǩ) for V. Telson oval, globose, height 50-62% (ǩ) or 52-72% (Ǩ) of length, with flattened dorsal surface, rounded ventral surface; vesicle not distinctly narrower than metasomal segment V, width 70-79% (ǩ) or 74-90% (Ǩ) of metasomal segment V. Aculeus short, sharply curved, 57-92% of vesicle length (Table 5 ). Metasoma and telson 55-57% (ǩ) or 52-55% (Ǩ) of total length. Metasoma intercarinal surfaces uniformly, finely granular, except segment V, dorsal surface, smooth and shiny (ǩ) or smooth and shiny, except segments I-V, dorsolateral and median lateral surfaces and segments IV and V, ventral and ventrolateral surfaces, finely granular, granulation becoming more pronounced posteriorly (Ǩ); segments I-III, each with well-developed dorsal stridulatory surface, comprising fine rounded granules extending to posterior margin (Fig. 7B, C) , less developed on segment III than I and II; II and III, posterodorsal edge sublinear. Metasoma sparsely to moderately covered with long acuminate macrosetae, especially on ventral surface of telson (Fig. 7A) . Metasomal segments I-III each with ten carinae; IV acarinate; V with two carinae. Dorsosubmedian carinae distinct, converging posteriorly on segments I-III, absent on IV and V. Dorsolateral carinae distinct on segments I-III, absent on IV and V. Median lateral carinae distinct on segments I and II; obsolete on III; absent on IV and V. Ventrolateral carinae present, converging posteriorly on segments I-III, posterior section not forming U-shaped pattern on II and III; reduced to anterior row of isolated, rounded granules on IV; subparallel to converging posteriorly on V, with posterior spiniform granules enlarged into broad, lobate processes with flat surfaces apically (Fig. 7A) . Ventrosubmedian carinae present on segments I-III; reduced to anterior row of isolated, rounded granules on IV; absent on V. All metasomal carinae costate-granular to granular, except for ventrosubmedian and ventrolateral carinae of segments I (ǩ, Ǩ) and II (Ǩ), which are costate to costate-granular.
Hemispermatophore: Flagelliform, with pars recta parallel to axis of distal lamina (Fig. 12) .
Geographical variation: There is little morphological variation amongst specimens from different localities. However, striking variation in coloration is observed amongst specimens from the same locality. Variation in the intensity of infuscation is most obvious on the carapace, pedipalps, tergites, metasoma, and telson. Some specimens are darkly infuscated whereas others are pale. Pale specimens are not infuscated on the tergites and weakly so on the metasoma or devoid of infuscation altogether. Similar variation in coloration is observed in P. gracilis and P. nanus (Lamoral, 1979 ; this study). Specimens from the two southern-and western-most localities, Gobabeb and Gorob Mine, are devoid of infuscation and the base colour is yellow, unlike specimens from further east, which are buff-yellow.
Ontogenetic variation: As in other species of Parabuthus, male resembles female very closely until the final instar (Prendini, 2004a) . Juveniles and subadults may be readily sexed by examination of the pectines and genital aperture.
Sexual dimorphism: Parabuthus glabrimanus sp. nov. is markedly dimorphic in several respects, most obviously in the shape of the pedipalp chela manus, and the structure of the pectines. As in most species of Parabuthus (Prendini, 2004a) , the pedipalp chela manus of the adult male is markedly incrassate compared with that of adult female, which is more slender (Fig. 9B-E , Table 5 ), and the first proximal median lamella of each pecten is suboval, mesially enlarged, and lobate in the female but unmodified in the male. The male has a higher pectinal tooth count (28) (29) (30) (31) than the female (24) (25) (26) . In addition, the adult male is proportionally more slender, with a slightly longer metasoma, than the adult female (Fig. 8 , Table 5 ). The granulation and carination are also more pronounced. For example, the carapace of the male is entirely granular, whereas there are smooth surfaces on the carapace of the female (Fig. 5A, B) .
Distribution: Endemic to the gravel plains of the Central Namib, north of the Kuiseb River, in the Erongo Region (Swakopmund District) of western Namibia (Fig. 1) . The known records fall within the range of 400-1100 m elevation. Parabuthus setiventer sp. nov. is more commonly found at lower elevations (300-450 m), further west. The known distribution of P. glabrimanus sp. nov. falls entirely within the boundaries of the Namib-Naukluft Park.
Ecology: Parabuthus glabrimanus sp. nov. is a psammophilous species, which displays several ecomorphological adaptations to its sandy habitat: elongated telotarsal ungues; basitarsi of legs I, II, and, to a lesser extent, III dorsoventrally compressed, with comb-like rows of long macrosetae ('sand combs') on the retrolateral margins (Fig. 11A-C) ; metasoma lacking carinae on segments III-V (Fig. 7A) (Fig. 1) . Parabuthus glabrimanus sp. nov. inhabits softer substrata than P. brevimanus. LAMORAL, 1979 (FIGS 1-4, 6B, 9A)
PARABUTHUS GRACILIS
Parabuthus gracilis Lamoral, 1979: 566-571, figs 96, 103, 104, 107-116; Kovařík, 1998: 116; Fet & Lowe, 2000: 202; Prendini, 2001b: 136; Prendini, 2001a: 17; Prendini, 2003: 20; Prendini, 2004a: 116, 143 (Fig. 6B) ; metasomal segments slender (length IV/width IV: 1.7-2.11); metasomal segments II and III, posteroventral margins demarcated by transverse row of isolated, round granules; metasomal segment IV, acarinate; metasomal segments IV and V, lateral intercarinal surfaces granular; metasomal segment V, dorsosubmedian, dorsolateral, and ventromedian carinae absent, ventrolateral carinae present, converging posteriorly, and with posterior spiniform granules enlarged into spinose processes.
Remarks: Compared with specimens from typical populations along the coast (e.g. Cape Cross, Messum Crater), specimens from inland populations (e.g. Bethanis, Twyfelfontein) are paler, less granular, and exhibit morphometric differences in the pedipalp chela and metasoma. The differences observed are not presently considered sufficient to merit recognition of the inland populations as a different species, but the matter is under further investigation from a molecular perspective.
Distribution: Endemic to sandy areas in the Central and Northern Namib, north of the Swakop River, in north-western Namibia (Fig. 1) . Recorded from the Erongo Region (Karibib, Omaruru, and Swakopmund districts) and the Kunene Region (Khorixas and Opuwo districts). The known records fall within the range of 0-600 m elevation. Parabuthus gracilis is protected in the Brandberg National Monument, the Cape Cross Seal Reserve, and the Skeleton Coast Park.
Ecology: Parabuthus gracilis is a psammophilous species, which displays several ecomorphological adaptations to its sandy habitat: elongated telotarsal ungues; basitarsi of legs I, II, and, to a lesser extent, III dorsoventrally compressed, with comb-like rows of long macrosetae ('sand combs') on the retrolateral margins; metasoma and telson lacking carinae on segments III-V. Specimens of P. gracilis have been taken in pitfall traps, collected at night with UV light detection, resting on the surface of sandy to gritty substrata, as well as unconsolidated white sand dunes, and excavated from burrows in shrub-coppice dunes.
Parabuthus gracilis has been collected in sympatry with the following scorpion species: Bothriuridae: L. elegans; Buthidae: P. brevimanus, P. granulatus, Parabuthus kraepelini Werner, 1902 , P. namibensis Lamoral, 1979 , P. stridulus Hewitt, 1913 , U. gracilior, U. planimanus; Uroplectes teretipes Lawrence, 1966; Scorpionidae: O. jenseni, O. penrithorum, and O. wahlbergii. Parabuthus gracilis is syntopic with P. namibensis and P. stridulus in the coastal part of its distributional range, and with P. brevimanus and P. granulatus inland (Lamoral, 1979; Prendini, 2004a; Prendini & Bird, 2008) . Parabuthus gracilis generally inhabits softer substrata than P. brevimanus and P. kraepelini. The distribution of P. gracilis is allopatric with those of the closely related species, P. glabrimanus sp. nov., P. nanus, and P. setiventer sp. nov. (Fig. 1 ). LAMORAL, 1979 (FIGS 1-4, 6C, 14A)
PARABUTHUS NANUS
Parabuthus nanus Lamoral, 1979: 594-597, figs 100-102, 105, 106, 164-172; Kovařík, 1998: 117; Fet & Lowe, 2000: 208; Prendini, 2001b: 137; Prendini, 2001a: 17; Dyason et al., 2002: 769; Prendini, 2003: 21; Prendini, 2004a: 116, 162, 163, figs 1, 13, 44, 45; Prendini, 2005: 66, Diagnosis: Parabuthus nanus is most closely related to P. setiventer sp. nov., the two species forming a monophyletic sister group to P. gracilis (Fig. 2) . Parabuthus nanus may be separated from P. setiventer sp. nov. and all other species of Parabuthus by means of the following combination of characters: small adult size, carapace length 2.5-5.0 mm; carapace, including median ocular tubercle (male, female), entirely granular; pedipalp chela movable finger of female long, compared with manus (measured along ventroexternal carina), length finger/length manus: 1.70-2.00; pedipalp chela manus of adult male, slender as in adult female (Fig. 14A) ; pedipalp chela manus surfaces granular; pedipalp chela with trichobothrium dt situated proximal to et; pedipalp femur and patella trichobothria d 2 absent or very reduced; sternites punctate; sternites III-VII, metasomal segment I and, to a lesser extent, II, ventral surfaces, densely covered in short, truncate macrosetae (Fig. 6C) ; metasomal segments slender (length IV/width IV: 1.7-2.11); metasomal segment I, ventrosubmedian carinae absent; metasomal segments II and III, posteroventral margins demarcated by transverse row of isolated, round granules; metasomal segment IV, acarinate; metasomal segments IV and V, lateral intercarinal surfaces granular; metasomal segment V, dorsosubmedian, dorsolateral, and ventromedian carinae absent, ventrolateral carinae present, converging distally, and with posterior spiniform granules enlarged into spinose processes.
Distribution: Endemic to sandy areas in the Karas Region (Bethanie, Karasburg, Keetmanshoop, and Lüderitz districts) of Namibia and the Northern Cape Province (Calvinia, Gordonia, Kenhardt, and Namaqualand districts) of South Africa (Fig. 1) . The distribution of this species extends across the Orange River. The known records fall within the range of 350-1250 m elevation. Parabuthus nanus is protected in the Ai-Ais and Fish River Canyon National Park, the Namib-Naukluft Park and the Sperrgebiet National Park.
Ecology: Parabuthus nanus is a psammophilous species, which displays several ecomorphological adaptations to its sandy habitat: elongated telotarsal ungues; basitarsi of legs I, II, and, to a lesser extent, III dorsoventrally compressed, with comb-like rows of long macrosetae ('sand combs') on the retrolateral margins; metasoma and telson lacking carinae on segments III-V. Specimens of P. nanus have been taken in pitfall traps, collected at night with UV light detection, resting on the surface of sandy-loam gravel plains, dry riverbeds and semi-consolidated to unconsolidated sand dunes, and excavated from burrows at the base of shrubs. Parabuthus nanus has been collected in sympatry with the following scorpion species: Buthidae: Hottentotta arenaceus (Purcell, 1901) , Karasbergia methueni Hewitt, 1913 , P. brevimanus, P. capensis (Ehrenberg, 1831 , P. granulatus, Parabuthus laevifrons (Simon, 1888), P. schlechteri, P. villosus, Uroplectes carinatus (Pocock, 1890) , U. gracilior; Liochelidae: Hadogenes zumpti Newlands & Cantrell, 1985 ; Scorpionidae: Opistophthalmus adustus Kraepelin, 1908 , Opistophthalmus carinatus (Peters, 1861 , Opistophthalmus haackei Lawrence, 1966 , and Opistophthalmus lornae Lamoral, 1979 and other Opistophthalmus species. Parabuthus nanus is syntopic with P. granulatus, P. laevifrons, and P. schlechteri throughout its distributional range. Where P. nanus and P. brevimanus are sympatric, the two species are not syntopic, however. Parabuthus nanus inhabits softer substrata than P. brevimanus (Prendini, 2004a) . The distribution of P. nanus is allopatric with that of its sister species, P. setiventer sp. nov. (Fig. 1) . Diagnosis: Parabuthus setiventer sp. nov. is most closely related to P. nanus, the two species forming a monophyletic sister group to P. gracilis (Fig. 2) . Parabuthus setiventer sp. nov. may be separated from P. nanus and all other species of Parabuthus by means of the following combination of characters: small adult size, carapace length 2.5-5.0 mm; carapace, including median ocular tubercle (male, female), entirely granular; pedipalp chela movable finger of female moderate, compared with manus (measured along ventroexternal carina), length finger/length manus: ±1.50; pedipalp chela manus of adult male, slightly incrassate, compared with that of adult female, which is slender; pedipalp chela manus granular; pedipalp chela with trichobothrium dt situated proximal to et; pedipalp femur and patella trichobothria d 2 absent or very reduced; sternites III-VI, punctate, moderately setose (Fig. 6D) , VII, metasomal segments I and, to a lesser extent, II-IV, ventral surfaces densely covered in short, truncate macrosetae, becoming progressively less numerous, and acuminate from segments I-IV; metasomal segments slender (length IV/width IV: 1.7-2.11); metasomal segment I, ventrosubmedian carinae absent; metasomal segments II and III, posteroventral margins demarcated by transverse row of isolated, round granules; metasomal segment IV, acarinate; metasomal segments IV and V, lateral intercarinal surfaces granular; metasomal segment V, dorsosubmedian, dorsolateral, and ventromedian carinae absent, ventrolateral carinae present, converging distally, and with posterior spiniform granules enlarged into spinose processes.
Etymology:
The species name refers to the densely setose sternite VII that is characteristic of the species (Fig. 6D) .
Description:
The following description is based on the holotype male, two paratype males, and three paratype females (Table 6) .
Colour: Carapace, tergites, and metasomal segments I-IV, segment V, anterior third: Buff-Yellow no. 53. Metasomal segment V, posterior two-thirds and telson infuscated: Dark Brownish Olive no. 129. Chelicerae, pedipalps, legs, pectines, and sternites slightly paler than carapace, tergites, and metasoma (Fig. 13) . Chelicerae, pedipalps, legs, and sternites: Sulfur Yellow no. 157. Pectines: Pale Horn Color no. 92.
Carapace: As for P. glabrimanus sp. nov., except as follows. Carapace covered entirely by uniform, coarse granulation, becoming coarser on interocular and posterolateral surfaces. Anterior and posterior margins of carapace sublinear (Fig. 5C, D) .
Chelicerae: As for P. glabrimanus sp. nov. Sternum: As for P. glabrimanus sp. nov. (Fig. 13B,  D) .
Pedipalps: As for P. glabrimanus sp. nov., except as follows. Pedipalps covered in short macrosetae 14) . Femur surfaces uniformly, finely granular (ǩ), external and ventral intercarinal surfaces with smooth areas (Ǩ) (Fig. 15C) ; dorsointernal, dorsoexternal, and ventrointernal carinae distinct, granular; internomedian carina comprising discontinuous row of spiniform granules; externomedian carina obsolete, granular; other carinae absent. Patella intercarinal surfaces uniformly, finely granular (ǩ), external intercarinal surfaces with smooth areas (Ǩ) (Fig. 15A, B) ; dorsointernal carina obsolete, reduced to few granules proximally and distally; ventrointernal carina vestigial, reduced to single spiniform granule, proximally; internomedian carina comprising prominent spiniform granule, proximally, and few smaller granules, distally; other carinae absent. Chela finely granular (Fig. 14B-E) ; acarinate. Chela long, slender (Ǩ) or slightly incrassate (ǩ), length along ventroexternal carina 29-51% greater than chela width and 42-54% greater than chela height (Table 6) ; length of movable finger 13-29% (ǩ) or 40-47% (Ǩ) greater than length along ventroexternal carina. Chela fixed and movable fingers straight, such that proximal dentate margin linear when fingers closed (Fig. 14B-E) . Median denticle row of chela fixed and movable fingers each comprising eight or nine oblique primary subrows; each subrow comprising three to six small denticles and large external denticle, flanked by internal and external accessory denticles; terminal subrow of fixed finger usually shorter than others; basal subrow of fixed and movable fingers longer, comprising fusion of basal and sub-basal subrows; each finger with enlarged terminal denticle.
Trichobothria: Neobothriotaxic minor, Type A, a configuration ( Figs 14B-E, 15) , with following segment totals: femur, ten (four dorsal, four internal, two external), patella, 12 (four dorsal, one internal, Table 6 . Meristic data for holotype and paratypes of Parabuthus setiventer sp. nov. Measurements (mm) follow Prendini (2000 Prendini ( , 2004a Holo., holotype; Para., paratype.
seven external) and chela, 15 (eight manus, seven fixed finger). Total number of trichobothria per pedipalp, 37. Femur d2 absent or very reduced; e1 situated level with or distal to d5. Patella d2 absent or very reduced; esb2 situated level with esb1. Chela Esb situated in line with or dorsal to Eb2-Et axis; eb situated proximal to basal dentate margin of fixed finger; dt situated proximal to et. Mesosoma: Pre-tergites smooth, matt (ǩ), smooth, shiny (Ǩ), granular along posterior margins. Posttergites entirely covered with uniform, fine granulation, becoming coarser posteriorly, especially along posterior margins; I-VII each with weakly developed, costate-granular dorsomedian carina; VII additionally with distinct pairs of costate-granular dorsosubmedian and dorsolateral carinae, and well-developed stridulatory surface between dorsosubmedian carinae, comprising rounded granules reaching posterior margin. Sternites III-VI surfaces smooth, punctate, moderately setose, lateral and posterior margins each with few macrosetae; VII acarinate, punctate, uniformly finely granular (ǩ) or smooth medially with sparse fine granules laterally (Ǩ), densely covered in short, truncate macrosetae (Fig. 6D ). Sternite VII, width 24-38% (ǩ) or 33-40% (Ǩ) greater than length.
Pectines: As for P. glabrimanus sp. nov., except as follows (Fig. 13B, D) . Pectinal teeth: 25-32/26-32 (ǩ), 22-30/23-31 (Ǩ) (Table 6) .
Legs: As for P. glabrimanus sp. nov. (Fig. 16 ).
Metasoma and telson:
Metasomal segments I-V width/length ratio progressively decreasing (Table 6) , width percentage of length 69-85% (ǩ) or 76-85% (Ǩ) for I, 60-66% (ǩ) or 65-75% (Ǩ) for II, 57-63% (ǩ) or 61-69% (Ǩ) for III, 52-56% (ǩ) or 54-62% (Ǩ) for IV, and 48-51% (ǩ) or 50-56% (Ǩ) for V. Telson oval, globose, height 51-61% (ǩ) or 54-62% (Ǩ) of length, with flattened dorsal surface, rounded ventral surface; vesicle not distinctly narrower than metasomal segment V, width 66-74% (ǩ) or 70-79% (Ǩ) of metasomal segment V. Aculeus short, sharply curved, 65-85% (ǩ) or 71-89% (Ǩ) of vesicle length (Table 6 ). Metasoma and telson 54-57% (ǩ) or 52-55% (Ǩ) of total length. Intercarinal surfaces entirely granular, except for posterodorsal surfaces, which are smooth and matt (ǩ) or shiny (Ǩ); segments I-III, each with well-developed dorsal stridulatory surface, comprising fine rounded granules extending to posterior margin (Fig. 7E, F) ; segments II and III, posterodorsal edge sublinear. Metasomal segments I-V, dorsal and lateral surfaces and V, ventral surface, moderately to densely covered with long, acuminate macrosetae, especially on ventral surface of telson; I and, to a lesser extent, II-IV, ventral surfaces densely covered in short, truncate macrosetae, becoming progressively less numerous, and acuminate from segments I-IV (Fig. 7D) . Metasomal segments I-III each with eight carinae; IV acarinate; V with two carinae. Dorsosubmedian carinae present, converging posteriorly on segments I-III, absent on IV and V. Dorsolateral carinae present on segments I-III, absent on IV and V. Median lateral carinae present on segment I only. Ventrolateral carinae present, converging posteriorly on segments I-III; posterior section not forming U-shaped pattern on II and III; reduced to anterior row of isolated, rounded granules on IV; subparallel to converging posteriorly on V, with posterior spiniform granules enlarged into spinose processes (Fig. 7D) . Ventrosubmedian carinae absent on segment I, present on II and III; reduced to anterior row of isolated, rounded granules on IV; absent on V. All metasomal carinae costate-granular to granular.
Hemispermatophore: Flagelliform, with pars recta S-shaped (Fig. 17) .
Geographical variation: There is little variation amongst specimens from different localities.
Sexual dimorphism: Unlike most species of Parabuthus, P. setiventer sp. nov. is not markedly dimorphic in the shape of the pedipalp chela manus or the structure of the pectines. The manus of adult male is only slightly incrassate, compared with that of adult female (Fig. 14B -E, Table 6 ). As in most species of Parabuthus, the first proximal median lamella of each pecten is suboval, mesially enlarged, and lobate in the female, but unmodified in the male (Prendini, 2004a) . However, the pectinal tooth counts of the male (25) (26) (27) (28) (29) (30) (31) (32) and female (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) are similar ( Table 6 ). The adult male is proportionally more slender, with a longer metasoma and more pronounced granulation and carination, than the adult female (Figs 5C, D, 13, Table 6 ).
Distribution: Endemic to the gravel plains of the Central Namib, north of the Kuiseb River, in the Erongo Region (Swakopmund District) of western Namibia (Fig. 1) . The known records fall within the range of 300-450 m elevation. Parabuthus glabrimanus sp. nov. is more commonly found at higher elevation (400-1100 m), further east. Parabuthus setiventer sp. nov. is protected in the Namib-Naukluft Park.
Ecology: Parabuthus setiventer sp. nov. is a semipsammophilous species, which displays several ecomorphological adaptations to its sandy habitat: basitarsi of legs I, II, and, to a lesser extent, III dorsoventrally compressed, with comb-like rows of long macrosetae ('sand combs') on the retrolateral margins ( Fig. 16A-C) ; metasoma lacking carinae on segments III-V (Fig. 7D) . Specimens of P. setiventer sp. nov. have been taken in pitfall traps and collected with UV light detection on cool or warm, dark, still, or windy nights, moving about on the surface of gritty gravel plains between low granite outcrops.
Parabuthus setiventer sp. nov. has been collected in sympatry with the following scorpion species: Bothriuridae: L. elegans; Buthidae: P. glabrimanus sp. nov.; Scorpionidae: O. penrithorum. Its distribution is allopatric with that of its sister species, P. nanus (Fig. 1) .
